Introduction
The most fascinating of the riddles of time is the so-called passage of time which, however, is not accounted for by natural science. In this contribution, we suggest an approach to the phenomena of time which aims at explaining why time passes for us 1 . The basis for our investigation is a fundamental distinction between two views. Science can be understood as an attempt to construct a God-like, outside view of the world we live in. However, all our experiences and measurements take place inside this world, and are results of interactions between an observer and the thing observed.
The suggested outside view from which we tackle the problems of time is radical. The universe is seen as one spacetime whole which cannot be divided into fully describable parts. For the analysis of the spacetime whole, a concept of complexity is introduced which is built upon the notions of continuity and discontinuity. On its basis, a very general duality relation between two aspects of space-time structure is formulated.
The outside view can be related to the inside view by assuming that continuity (in space or time) goes hand in hand with experienced identification (in space or time). This move, together with an assumption concerning the relation of structural containment, makes it possible to understand the passage of time -as it is experienced by the inside observerfrom the viewpoint of an outside observer.
Inside Versus Outside Views
The starting point for our argument on time is a very general distinction between inside and outside views. By outside view we mean the ideal of natural science, namely the construction of a God-like perspective of the world, where observation is no longer a physical, interactive process. From the outside, we see things "as they are". However, all our observations are inside operations, as we ourselves are part of the physical universe, and each observation, in the last consequence, is an interaction between an observer and the thing observed. The concept of spacetime holism which will be developed in the following is based on the construction of a radical outside view of space and time, or better, of spacetime. While our common view of space can be regarded as a quite good outside view, it is suggested that our view of time is not. From the outside view, there is no such thing as the passage of time. Thus, time is nothing but another space dimension for the hypothetical outside observer. It is, though, our aim to explain why time flows for the inside observer.
Regardless of a potential success of this attempt, we would like to stress the primacy of the inside view 2 . Inside phenomena are directly given to us while the outside view must be regarded as a more or less consistent construction on the basis of experienced inside phenomena.
Spacetime Holism
In this section and the following, we briefly summarize the main principles of our approach which we call spacetime holism. It has been introduced in more detail in [4] , where it served as a basis for an alternative approach to the so-called representation problem in cognitive science.
UNITY OF SPACE AND TIME
The idea that space and time form some kind of unity is part of the (standard) interpretation of the theory of relativity. However, there is no common treatment of space and time in other disciplines. The reason for this lies mostly in the big difference between our every-day perceptions of space and of time, but may also have something to do with the way relativity theory is understood. The standard interpretation of relativity theory does not provide an intuitive interface -not even to the physicist -for more general theorizing about space and time. In [5, 6] we have shown that a much simpler interpretation of relativity theory is possible. The Minkowski geometry of the standard interpretation, which treats space and time in a still different way, can be replaced by an outside view consisting in a 4-dimensional and fully Euclidean 3 geometry that lacks any fundamental difference between space and time dimensions.
THE UNIVERSE AS ONE SPACETIME WHOLE
The basic idea of known holistic approaches is that everything is intimately linked with everything else. What the classical scientific world view regards as objects existing by their own right are taken as inseparable parts that an observer cuts out by making distinctions and by drawing borders. Every analysis of the whole in terms of fully describable parts is necessarily incomplete or in the last consequence inconsistent 4 . Though agreeing with these statements, we would like to criticize the common understanding of holism for its treatment of the time dimension. Traditional holism deals primarily with relations in space, while the relations in time tend to be mystified 5 rather than integrated into the picture. In our 2 By this, we are in good accordance with the endophysical approach by Bucchieri [2] ; see also [3] . 3 By fully Euclidean we mean that the time axis -unlike in Minkowski spacetime -is real and that the measurements of space and time distances performed by inside observers can be understood as relations between 4-dimensional Euclidean distances. 4 See, e.g. David Bohm´s holism [7] . 5 The popularity of "holistic" theories, e.g. theories centering around the notion of self-organization, seems to have a lot to do with their treatment of time. The threat of a completely deterministic or -even worse -a static approach, we go one step further by fully integrating the time dimension: Everything in spacetime must be regarded as one indivisible whole.
INFINITE COMPLEXITY OF SPACETIME STRUCTURE
To assume the fundamental incompleteness of any description of the whole in terms of perfectly definable parts is tantamount to assuming that the spacetime whole is infinitely complex. As will be argued later, infinite complexity is a necessary condition for specific relationships between different spacetime structures, which will be essential for our argument on the passage of time.
In order to pin down the difference between the traditional scientific world view and our suggested view, let us compare two critical questions. In the framework of spacetime holism we have to ask: How can we explain that for many purposes the indivisible whole can be described so nicely as a collection of structurally and functionally definable parts in interaction? In a classical framework the crucial question is: How can "truly holistic 6 phenomena" -if they exist at all -emerge from the interaction of structurally and functionally definable parts? We think that the first question can be answered while the second cannot.
Spacetime Structure and the Duality Relation
Our assumption of infinite complexity of the spacetime whole does not imply that no understanding or analysis of spacetime structure is possible. When formulating our conceptual framework we have two things in mind; on the one hand it should be possible to relate the terminology to mathematics, physics, and systems theory; 7 on the other hand the concepts should be soft enough to be applicable to a wide range of less precise domains, e.g. to psychology and sociology.
CONTINUITY AND DISCONTINUITY
We talk about continuity along one dimension of a description when several entities differing in position along that dimension have something in common. While continuity forms the basis for the recognition of relations between entities, discontinuity may lead us to make distinctions and to draw borders, it is thus a precondition for the concept of an object.
LEVELS OF DESCRIPTION
The necessity for a distinction between levels of description can be illustrated using the distinction between continuity and discontinuity. What appears as discontinuity on a lower level of description may be described as a continuous sequence of discontinuities on a more abstracted level. An object can be seen as a discontinuity in space -yet there can be a universe imposed by the classical scientific world view respectively by relativity theory is countered by a perspective that gives room for chance, creativity, free will and dynamical flow. 6 We would speak of truly holistic phenomena, when, e.g. there is bi-directional causation assumed between the level of the parts and the emergent, global level. 7 Especially, we think it is fruitful to link our terminology to different concepts of complexity, e.g. [8] .
continuous arrangement of objects in space. An event can be seen as a discontinuity in time -yet there can be a continuous sequence of events.
NON-LOCALITY AND LOCALITY
The distinction between non-locality and locality is an abstraction of the distinction between continuity and discontinuity. The ideal object has a location in space and is unaffected by its environment. Besides its spatial discontinuity the object is extended in time. Its existence in time is thus not bound to a short interval like it is the case for its spatial existence. In this sense we call objects non-local in time. When reversing the situation we come across phenomena that are non-local in space, but local in time. The ideal wave is identical for all (spatial) points in a medium. On the time axis there is discontinuity: The behavior of a (spatial) point in a medium is not primarily correlated with prior or later states of that point, but much more to other spatial points (at the same time). Like the objects marks a point in space, the wave marks a point in time.
THE DUALITY RELATION
As a generalization of the last paragraph, we assume a very general linkage between structural properties along space and time dimensions:
Continuity (non-locality) along one dimension is correlated with discontinuity (locality) along the other dimension. Only when discontinuity concentrates on the spatial axes, a description as an object is justified. In the same way it is the discontinuity along the time axis that characterizes the wave. For us, both sides of the duality are necessarily incomplete -in general, there is continuity and discontinuity on all levels in space and time. In the following, we will talk about a duality between particle and wave aspects that correspond with the pairs (discontinuity in space, continuity in time) and (continuity in space, discontinuity in time).
The classical scientific world view exemplified by Laplace´s demon appears as the belief in the sufficiency of the particle aspect: If a demon knew the positions and velocities of all particles of the universe at some point in time, he could calculate every state of the universe at any time! From this viewpoint time is a purely continuous dimension -there should be a "right" level of description that makes the passage of time a transformation that does neither bring anything new nor looses anything.
The wave aspect is mostly ignored, but turns out to be a fruitful complement once we accepted the incompleteness of the classical side of the duality. We could think of a dual demon knowing the dynamics of the complete past and future occurring in one point in space. Could this demon tell us anything about all the other points in space? 8 
Identification
In [10] we argued for a duality between two basic types of conscious experience. As a bridge between outside and inside observation, we assumed a correlation between continuity (as seen from an outside observer) and what is experienced as identity by the inside observer.
The first side of the duality, the spatial self, depends on borders (discontinuities in space) and determinism (continuity in time). In this state we, as inside observers, are identical through time, as time is the continuous dimension. We loose this experienced quality when our borders are destroyed, or when the subjective, local causality of the chain of events breaks down (e.g. when we are shocked). The spatial self has a location in space, it makes a distinction between me and the world.
The second side of the duality, the temporal self makes a distinction between experiences and therefore between points in time. The temporal self is located in time. By giving up the spatial closure, i.e. by interacting we get integrated into the world. The experienced quality of this kind of self is the feeling of identity with the world, as in this case space is the continuous dimension.
The two sides of the duality have to be regarded as just two aspects of self experience that never take their extremes, and therefore do not exclude each other. Thus, nowness, which in its pure form (as temporal self) is limited to a point in time, is also experienced as extended in time (as spatial self).
It should be noted that we are far away from being pure inside observers. Identification is therefore never complete, but accompanied by the construction of differences and distances to the entities we identify with. By doing so, we are at least partial outside observers.
Infinite Complexity and Structural Containment
What we introduced in section 4 are just the basic structural elements for the analysis of the spacetime whole. For our approach to the passage of time we have to take a closer look at structural complexity. We do so by asking a very general question: What are the possible relations between spacetime structures in different spacetime locations?
The concept of continuity already contains a first answer to this question. All spacetime locations along a line of continuity share some structure -in the case of spatial continuity they share a temporal structure, in the case of temporal continuity they share a spatial structure. As a general answer to the above question we postulate that in principle the whole spacetime structure, which is an infinitely complex combination of both aspects, is fully contained in each spacetime location, which in turn can be regarded as part of the spacetime whole. What appears as a logical impossibility does make sense for infinite complexity; a finite structure cannot contain what it is part of. The radical assumption of full part-whole containment does, of course, not imply that some structural elements (patterns) could be measured equally well from all locations. As a consequence, an asymmetrical relation of containment for our necessarily finite descriptions of the infinite structural complexity can be defined. Asymmetry of containment means that some location A structurally containing location B is not contained by location B (relative to the same finite description).
The relation of containment can function as an ordering relation for a set of spacetime locations, e.g. location A contains location B, which contains location C etc. In such a chain, location A not only contains the structure of location B, but in a recursive manner also the structure of location C etc.
In this place, it should be stressed that our statements concerning infinite complexity and finite descriptions can be illustrated by the use of chaotic dynamics, which are a good example for infinite complexity: The infinitely complex dynamical structure is contained in each part, which follows from the possibility to reconstruct the whole phase space from the temporal evolution of a single variable (according to the theorem of embedding [9] ). For practical purposes, this reconstruction will not work equally well for all variables, which can be read as an asymmetry of containment.
The Passage of Time
Let us now apply our conceptual framework to the analysis of the passage of time for inside observers. First of all, we have to understand that -from an outside view -an inside observer is a roughly definable spacetime structure which is extended along one dimension and more or less limited and closed on the other dimensions ("world tube"). By no other fact than this, the first dimension becomes the time dimension and the other dimensions become the space dimensions; for the ideal outside observer, there is no a-priori difference between these dimensions, there is just a dominant orientation of spacetime structures in a certain region of spacetime.
The assumption of identification explains why the inside observer experiences unity along the mostly continuous time dimension. As inside observers, we identify with "ourselves in the past" and with "ourselves in the future". What is an extended structure for the outside observer, thus becomes a single point (the self) for the inside observer. Now, the recursive containment relation comes into play: If we assume that the time locations of the extended space-time structure of the inside observer are ordered with respect to containment, we can say that each of these locations (moments) structurally contains the sequence of locations in one direction, while not or much less containing the sequence of locations in the other direction. By this, the first direction becomes the past, while the second becomes the future.
Along the inside observer's spacetime structure, in each point in time a full history of "memories" is contained (i.e. potentially present for the inside observer), part of which (the self) the inside observer feels identical with. While there is just one representation of the self in the recursive history of memories, there are many representations of every past experience in each moment. We do not only remember an experience, but we remember remembering the experience, and remember remembering remembering the experience etc., as well.
We think that our double nature as inside and as outside observers (i.e. as observer who construct an outside view), together with the postulated recursive history of memories, can explain our impression that time passes. On the one hand, as inside observers, we insist on the point-like nature of the self in time (i.e. the now); on the other hand, as outside observers, we associate an experience (or better: all memories of an experience) with a unique and unchanging point in spacetime (i.e. an event). These two points, the now and the event, have different experienced time distances at different moments: A deeper recursive memory structure means more distance, a shallow recursive structure means less distance, no recursive structure means no distance. 9 Two points that change their distance cannot be at relative rest. It seems to be our conclusion, therefore, that the two points must be in relative motion. When focussing on the outside view, we would say that the event is at rest while the now is moving. When focussing on the inside view, we would say that the now is at rest while the event is moving. Figure 1 . Schematic illustration of an inside observer's spacetime structure at different moments in time. The recursive depth of the memory of an experience X defines the perceived temporal distance between the now and the experience. Figure 1 is an attempt to illustrate our argument on the passage of time. At different points in time the spacetime structure of the inside observer ( S n ) contains recursive memories of an experience X of different depths. According to our assumption on inside observation, part of the extended spacetime structure is experienced as one point in time (the now). There is, however, yet another point in time experienced: As partial outside observers we identify all memories of the experience X with a single event. It should be noted that the structure S 3 contains the whole structure of the diagram. What is drawn as identifications of two sets of temporally distributed structures can therefore be understood as local phenomena taking place in S 3 alone.
Concluding Remarks
Many attempts to explain the nature of time must be criticized for a circularity of argumentation, which is inevitable as long as a terminology is used that still presupposes time, e.g. motion, process, emergence, creation, or beginning. We would like to stress that our approach is free of any such temporal basis, and thus avoids at least this source of failure. We are, however, completely aware that our suggestion will face strong resistance. It might be felt by many that the world view, which provides the strange properties that are necessary for our approach, is even more mysterious and unclear than what should be explained, namely the nature of time. Indeed, spacetime holism is far from being a fully developed theory, and in many ways seems to blatantly contradict not only what might be called the scientific world view, but also some aspects of our commonsense reality. Instead of trying to defend spacetime holism in all possible directions -which would not only go beyond the scope of this article -we would like to point out that we understand this article as an invitation to a radically different way of looking at the world. The fact that fundamental questions connected with e.g. time and consciousness are so hard to tackle from a classical viewpoint might provide enough reason to accept this invitation.
